Abstract-Novel spring contactors were designed and characterized for wafer-level interposer and high-speed package test system applications, especially for wafer-level packages. These contactors can be used as replacement for vertical wafer probes as well as test sockets used in the final test. The contactor pin consists of a plunger section made of beryllium copper and a plated helical stainless steel spring wire. It is 5 mm in uncompressed total length, including the plunger and the spring. The overall diameter of the spring wire section was 0.51 mm. The design of the contactor is much simpler and more scalable than that of traditional spring pins called Pogo pins used in package tests. A test socket containing 36 contactor pins was constructed for tests and measurements. The experimental characterization shows −1-dB bandwidth of 3.73 GHz for 0.8-mm pitch, measured by the direct contact method. This experimental result correlates well with the simulated results. The rise time was 82 ps as measured by TDR, and the propagation delay was 23 ps. The electrical conduction path is through the pin and the spring, making it a reliable contact. However, the electrical path is known to be through the barrel, not the spring for the regular spring pins.
I. INTRODUCTION
Utilization of wafer-level chip scale package (WLCSP) format is on the rise and cost-effective RF testing is required as part of final test [1] , [2] . Sockets and spring-pin technology are currently used in the final test cycle of wafer scale packages while the functionality migration from the system board level into package-level (SiP) or chip-level (SoC) implementation is intensifying. The dies undergo testing both at the wafer level and package level thereby increasing cost of test for chips and becoming a significant cost of final chips. If the final test is done at the wafer level, the final cost of test will significantly decrease. A strategy is being pursued to use the technology of contactors at wafer-level test cell by integrating them as wafer-probe components to reduce the overall cost of test. Contactors currently used in sockets, commonly known as spring pins, are not scalable at fine pitches and will not support test speeds necessary for high frequency characterization. If properly configured, WLCSP test flow can be developed such that wafer-probe and RF test are done first and then followed by backgrind, laser mark, wafer mount and saw, inspection and wafer package.
To enable this new simplified final test strategy, a socket-contactor design is needed for reliable electrical contact and characterization for best wafer yields. A socket based approach must replace known vertical probe technology or membrane probe technology for testing waferlevel packages. In this paper, a new contactor and socket were designed for high performance and low cost for use in wafer probe or final test. A test socket with contactor pins was manufactured for experimental electrical characterization. Simulations and microwave measurements were performed as part of the characterization of contactors.
II. CONCEPT DESIGN, PROTOTYPE AND TEST

A. Design and the Prototype
Please see Fig. 1 for a socket test system overview showing a loadboard and device under test (DUT) with a ball-grid-array (BGA) in contact with traditional spring pins, i.e., Pogo pins. The DUT can be packaged as BGA with bumps or LGA (land grid array) and the contactor pin geometry will change depending on the pad/bump materials and contact surfaces. The proposed design of new contactor is shown in Fig. 2 including a plunger, spring wire and the socket with a retaining plate. The contactor consists of a plunger pin made of beryllium copper and a braided stainless steel spring wire. The spring wire is typically copper overplated. The socket materials with retaining plates were made of FR4.
S parameters were measured using a network analyzer, HP8722D. A Gigatest GTL3030 probe station using Model 40 A picoprobes were used for touching the socket-contactor tips. A direct contact test method was used in this study which was previously described [3] . The advantage of this measurement technique is that no board is used and therefore the errors associated with board traces and contactor-connection design issues are minimized. Pin compression is achieved by microwave probes and therefore these probes should be handled carefully under a microscope to prevent any potential damage. Pins are compressed to recommended compression heights by GS-GS pairs in a horizontal setup. Only two pins are measured. The overall diameter of the spring wire section was 0.51 mm. The contactor has a 5 mm in uncompressed total length including 1530-4388 © 2012 IEEE. Personal use is permitted, but republication/redistribution requires IEEE permission.
See http://www.ieee.org/publications_standards/publications/rights/index.html for more information. the plunger and the spring. The length of the spring wire section was 0.27 mm. Please see Fig. 3 for the test socket measured by direct contact method in (a) and the probe contacting the wire spring from the left side (b) and contacting the plunger from the right side (c). Time domain reflectometry (TDR) measurements were also done to observe impedance variations in the same setup.
B. Microwave Measurement and Simulation Results
The measurement of the socket for 0.8-mm pitch contactors shows a bandwidth of 3.73 GHz at −1 dB, as shown in Fig. 4(b) . An insertion loss reading at −3 dB indicates almost 20 GHz (Fig. 5) .
A return loss in Fig. 4(a) shows 4 GHz at −9 dB. Simulations on the pin and the socket design for 3 different pitch (0.8, 1.6, 2. propagation delay of 23 ps, shown in Fig. 6(a) . The impedance value measured seems to be high at 76 Ohm in Fig. 6(b) .
The difference in insertion loss between measured and simulated values may be attributable to compressed height difference and probe tip alignment values.
These types of contactors are expected to be more reliable than regular spring pins since the electrical conduction path is through the pin and the spring. The electrical path follows the barrel not the spring for the regular spring pins, which causes reliability issues in lifetesting.
III. SUMMARY
A scalable and low-cost contactor design was proposed for WLCSP and final test. It can be used in wafer-probe step allowing RF test and decreasing the cost of test. The contactor can be used in high speed applications. It was characterized electrically and shows a bandwidth of 3.72 GHz at −1 dB. This new socket design is also suitable to use as an interposer for vertical wafer-probe cards.
